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Abstract—This paper compares two solutions for designing 
electronically agile beam antennas: the well-known AESA (Agile 
Electronically Scanned Arrays) approach and a new one called 
ARMA (Agile Radiating Matrix Antenna) [1]. This comparison is 
performed first on the electromagnetic principles of the two 
methods, and secondly on the performances in terms of 
bandwidth, radiation efficiency, coupling effects, side lobes, agility 
in beam forming and beam steering. Finally a validation of the new 
approach is performed by comparison of theoretical and 
experimental results. 


Index Terms— Agile Beam Antenna, Beam Forming, Beam 
Stearing, Agile Radiating Matrix Antenna 


lectronically agile beam antennas are extensively used 

today to perform beam forming, beam steering, pattern 

reconfiguration, multi-sectorial beams, tracking etc. For a 
long time agile beams are obtained using arrays (AESA) of 
antennas, with a lot of limitations in terms of radiation 
efficiency, coupling effects, side lobes, back radiation and so 
one. 


I. ELECTROMAGNETIC APPROACHES COMPARISON 


The radiation pattern of any antenna is obtained by using 
Maxwell Equations; equations of propagation in free space; free 
space Green function, and applying the equivalent principle on 
a radiating surface surrounding the antenna. Fig. 1 shows the 
principle scheme. 
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Fig.1 Radiation pattern directly obtained from the radiating surface. 


Then the radiated EM field Ë (P) is obtained by a radiating 
integral like: 


E(P) = E Ry 1+ cos®)(coseg — sindeg)SFT. (1) 


SFT = fp E;(x y)el! ky, x Sin@ Cosè + ky y Sin Sind) ds. (2) 
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This integral relates the radiated electromagnetic field E(P) to 
the field E(x, y) on the radiating surface S, as a quasi-Spatial 
Fourier Transform (SFT). 

A moving radiation pattern is obtained by changing the electric 
field law E,(x,y) onthe radiating surface as shown in figure2. 
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Fig. 2 Agile beam patterns related to radiating surface. 


To perform that, the E(x, y) field must be sampled, here begins 
the main difference between the two methods: 


II.1 - Sampling using a Dirac function Comb: 


This well-known procedure [5] multiplies the E, (x, y) by a two 
dimensions Dirac Comb to obtain the sampled following form 


Ea = >) Es(x0¥) Sean) 6) 
j 


i 
Where dis the two dimensions Dirac function characterized by: 


| Fe 8uy, dx dy = Foy) (4) 


The E(x, y) sampled field is introduced in the equation (3) and 
the property of the Dirac function is applied to obtain: 


E(P) =K iff Si yj Es (xiy) Sny y) ellkx xeme cosdtkyysing sind) dydy 
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Then the electric radiated field appears as a sum of 
contributions of punctual elementary antennas periodically 
distributed on the surface S. That is the Array Approach. 
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II.2 - Sampling by using a rectangular function 
(quantification) : 


If the radiating surface S is sampled into small jointed pieces 


s; j called pixels, the radiated electric field is the sum of all these 
uniform surface field contributions: 


E(p) e k f f E(x, yletikxrxesind-cosp+ kysyesinOssing) ds, 
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Fig. 3 Principle of weighting the surface sampled electric field. 


Where e;j and A;j are respectively: the field on the small 
surfaces considered as a constant field and the weight applied 
on each normalized pixel surface field e; j. 


This formulation suggests that the whole structure can be 
considered as a matrix of (M, N) pixels, each able to generate a 
given contribution to the building of the whole field E(P) .In 
the most general cases, there are no restriction on the surface S, 
and the pixels can have any shape, but must be connected 
together. Like for the arrays, the pixels must be fed by a beam 
forming network (BFN) to apply appropriate weights in order 
to obtain an expected radiation pattern. 

A very important case is to consider low Profile Antennas. For 
such structures the surrounding surface (fig. 1) is a planar one 
which can be sampled by pixels with a square s;; radiating 
surface, as shown in figure 3a. 
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Fig. 3a Radiating surface sampled by jointed square pixels. 


The most important point in ARMA approach is to be able to 
design a pixel which can generate a uniform EM field on its 
surface. This technic was extensively developed and validated 
in many papers [1] [2] [4] [6] and it is the key point of the 
ARMA solution. The corresponding matrix may have many 
shapes as shown in the figure 3b: 1D planar matrix, 2D planar 
matrix, conformal matrix... 


The ARMA matrix is formed by a jointed arrangement of pixels: 
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Fig. 3b ARMA Matrix Architectures. 


In conclusion, the two approaches introduce different spatial 
Fourier transform due to the different sampling procedures of 
the radiating surface. Consequently the properties of these two 
kind of antennas: ARMA and AESA, are sometimes quite 
different. 


II. COMPARISON OF THE MAIN PROPERTIES OF THE TWO AGILE 
ANTENNAS: ARMA AND AESA 


Let us consider the two kinds of 1D antennas [1], [2], [7] with 
the same planar surface, the same number of elements (number 
of elementary array antennas equal to the number of pixels), and 
the same law of weights for the feeding network (figure 4) 


Fig. 4 1D Antennas used to compare the AESA and ARMA approaches. 


II.1 - Radiating surface efficiency in the axial 
direction: 


The result of the comparison of the surface efficiencies is the 
same as comparing a phased array and an aperture antenna 
(horn antenna for example). In the phased array, the surface 
efficiency is usually less than 65% and in the horn antenna it is 
more than 75%. These results are approximately the same with 
AESA and ARMA respectively. That means a difference in 
axial gain of 0.6 dB in our example which is not very 
significant. 

It is more significant (2dB) for a larger surface as shown later 
on the figure 8. 


*This use of this work is restricted solely for academic purposes. The author of this work owns the copyright and 
no reproduction in any form is permitted without writtenpermission by the author.* 
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III.2 - Coupling between two adjacent elements: 


The coupling effect between two adjacent pixels in ARMA is 
lower (at least 4 dB) than that one between adjacent elements 
in the array antenna. This property is due to the radially 
vanishing mode of the EBG antenna used to build the pixel [8] 
and not due to the presence of the walls as it is shown clearly in 
figure 5 where a comparison was made based on three designs 
working at 8 GHz [7]: an array of 17 patches (fig 4), a one 
dimensional ARMA of 17 pixels (fig 4) and a 17 elements 
cavity-backed patch array. 
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Fig. 5 Coupling coefficient between the 8" and the 9" elements in an ARMA 
Matrix, a patch array and cavity-backed patch array. 


II.3 - Maximum gain as a function of the elevation 
angle 0 


The maximum gain curve must follow the law : 1 + cos @ (cf : 
eq 1).That is approximately the case on fig 6 for the ARMA 
solution but not the case for the patch array for 8 > 55° [2]. 
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Fig. 6 - Evolution of the gain value versus the scanning angle. 


This result is confirmed on the figure n°7 where the maximum 
of the gain for the 70° direction, is 4 dB higher with ARMA 
than with AESA. 
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Fig. 7 - Comparison of AESA and ARMA radiation patterns for a beam steering 
procedure in the 70° direction. 


This result can be generalized for any ARMA Antenna used for 
beamforming [9] or beam-steering with any beam shape [6]. 


III.4 - Side lobes :Grating lobes compared to pixel 
lobes. 


As it was shown in the first part, the radiated field is 
approximately the spatial Fourier transform of the sampled 
surface field and the sampling procedures are different for the 
ARMA and AESA approaches (cf §I). Since in ARMA 
procedure the sampled surface field is smoother (uniform 
sampled surfaces), the spatial Fourier transform introduces 
lower side lobes [5] as shown in the fig 7 where the grating 
lobes for the array and pixel lobes for ARMA appear for the 
same angle (Fourier transforms with the same periodicity) but 
not at the same level. 

Consequently the sampling step for ARMA approach is not 
limited to 0.84 for an axial beam antenna and it is possible 
without significant damages on the radiation pattern to use pixel 
dimensions up to 1.54 [7] then a larger periodicity. 

Figure 8 shows the comparison of the grating lobes of 1D 
ARMA of five pixels and that of 1x5 patch array (1.2A is the 
dimension of each pixel and also the patch antenna step). A 
reduce of 11 dB in the grating lobes is obtained in ARMA with 
a better gain for the main lobe. 
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Fig. 8 - Main and grating lobes comparison for 1x5 ARMA matrix and 1x5 
patch array with 1.21 x 1.2A periodicity. 
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III.5 - High axial gain solutions. 


In the same way, ARMA and AESA approaches are good 
choices to obtain high gain (>30dB) with low profile antennas. 
Unfortunately high gain means a large number of elements 
which increases dramatically the BFN losses and the cost. 

But, as it is shown in the previous paragraph, ARMA is the good 
candidate to minimize the number of elements of the BFN 
because the dimensions of the pixels can be increased without 
significant side lobes effects for a radiation maximum around 
the axial direction [7]. 

For example, to obtain a 25 dB gain using an array solution with 
inter-element steps of 0.6A, 100 elements need to be use. In the 
ARMA solution, if the pixel surface of 0.6Ax0.6A is chosen to 
keep the same periodicity, the ARMA solution needs the same 
number of elements .But, it is possible to obtain the same results 
with 1.2Ax1.2A pixels, corresponding to the same radiating 
surface and the same gain obtained using 25 elements instead 
of 100, without significant degradation of the pattern. Figure 9 
shows the idea of the reduction of the number of elements for 
the same antenna surface. 
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Fig. 9 -Reduction of the number of elements using large pixel dimensions in the 
ARMA Approach. 


To verify this property, a 5*5 pixels ARMA antenna was 
studied: 


The expected directivity (25dB) was obtained with an equi- 
amplitude and equi-phase feeding procedure (fig: 10, black 
curve). It is also possible ,like in an array, to introduce a more 
efficient ponderation law to minimize the side lobes effect (fig: 
10 red curve) but it is important to notice that, (like in an array), 
it is not usually possible to decrease the pixels lobe level located 
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Fig. 10 Axial beam directivity pattern obtained with a 25 pixels antenna. 


A second limitation of the ARMA solution with large pixels is 
shown on the 11" figure. For a small shift from the axial 
direction (0 = 10°) the pixels lobes already appear. Of course 
this phenomenon is worse (fig 11) with an array having the 
same periodicity. This effect can be interpreted by a too large 
quantification step due to the large dimension of the pixel which 
affects the spatial Fourier transform. 
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Fig. 11 Comparison between ARMA solution and a patch Array one to have a 
maximum of the directivity for the 10° elevation angle. 


This large pixels ARMA Antenna was manufactured (cf: §IU-— 
fig 19) to validate all the results. 


III.6 — Frequency dependence 


The pixel of the ARMA solution is derived from a low profile 
EBG Antenna [8] [12] which presents a very stable behavior as 
a function of the frequency. Consequently the pixel and then the 
whole ARMA Antenna have the same frequency stability as 
shown on the directivity maximum as a function of the 
frequency (fig 12) for the previous example presented on the 
figure n° 19. 
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Fig. 12 - Directivity maximum as a function of the frequency 


In the same direction, the radiation pattern results for a shifted 
sectorial beam [6] obtained with the 1*17 pixels antenna (fig: 
4) are also very close for different frequencies on the band, as 
shown on the following pictures (fig 13): 
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Fig. 13 Theoretical and experimental sectorial beam radiation patterns 
comparison for three frequencies .Beam steering in the 30° direction. 


A bandwidth comparison of the two approaches AESA and 
ARMA was performed on the previous example (fig 4).The 
results on the maximum directivity evolution as a function of 
the frequency show a large difference (more than a “2” factor) 
This property, already obtained with low profile EBG antennas 
[8], is easy to extend to any antennas comparison. 


III.7 - Wave polarisation : linear, circular, cross- 

polar.. 
Like for the frequency behavior, the polarization performances 
of ARMA depend on these ones of the original EBG antenna 
which are usually very good with a performant feeding circuit 
[9]. For example, the axial ratio obtained with a pixel 
considered alone and fed by a 3 hybrid couplers circuit, is 
presented on the 14" figure. 


e os 8.1 8.15 8.2 825 8.3 a3 a4 
Frequency / GHz 


Fig. 14 Space Axial Ratio Evolution and frequency dependence for a pixel fed 
by a 3 hybrid couplers polarization circuit (red curves). Comparison with the 
deal feeding procedure (green curves). 


The results on the space evolution of the axial ratio are very 
good except for a large radiation angles (= 90°). This edge 
phenomenon is minimized when the pixel is considered inside 
the matrix because, in this case, pixels are joined pixels. 


HI. EXPERIMENTAL ARMA ANTENNAS 
MANUFACTURED FOR SOME APPLICATIONS : 


IV.1 - Area scanning 


To scan a large outdoor area, a 1D matrix with 17 pixels able to 
cover a large azimuthal surface was manufactured (fig 15 and 
16) at 8.2 GHz following the architecture given on the 4" figure. 


Bottom flange 


Patch 


\ SMA connector Pd 


(125512001) 


Ground plane 


Patch substrate 


Fig 16 Feeding procedure illustration. 


As it was shown on figures 12 and 13 theoretical and 
experimental results are in good agreement even building a 
Gaussian beam than a sectorial one [6]. 


IV.2 — Animal tracking [10] [11] 


In our rural region it is important to know where race horses are 
located in the country side. An ARMA antenna was built in S 
band to track tagged animals. It use 11 beams with side lobes 
lower than — 20dB to cover a -50° to +50° area. Because the 
lateral dimension of the antenna was limited, only a nine pixels 
1D matrix was manufactured. The whole fabrication procedure 
is presented on the 17" figure which shows the manufactured 
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equipment. Also for this application, the experimentally 
generated beams were in good agreement with the simulated 
ones (fig. 18). 
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Fig. 18 Theoretical and experimental comparison of a radiated beam in the 50° 
directions. 


IV.3 — Axial high gain applications. 


In the case of telecommunications applications, very high gains 
are expected: higher than 30dB .But because of the price just a 
25dB gain antenna was built to day; the prototype is shown on 
the 19" figure. 


Fig. 19 Final prototype of a 5 x 5 pixels matrix. 


The realized gain, obtained by both a theoretical and an 
experimental approach don’t move very much with the 
frequency as shown on the figure 20. But it is important to 


compare these results with the frequency evolution of the 
directivity given on figure 12 to see the effects of the losses (= 
3.2 dB). 2.6 dB are due to the power divider and 0.6 dB due to 
the connectors and cables. 
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Fig. 20 Realized gain as a function of the frequency. 


IV. CONCLUSION 


This paper introduces a new approach called ARMA to build 
agile beam antenna and shows the differences with the well- 
known solution called AESA. 

First the two electromagnetic principles are compared showing 
fundamental differences. The important performance shift 
illustrates the interest of the new approach but the 
manufacturing of ARMA is a little bit more complicate. 
However the cost is not significantly larger, because for such 
an antenna that is the BFN that set the price high or low and in 
the both antennas the same kind of BFN is used (sometimes 
with a lower number of elements for the ARMA solution). 
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